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ABSTRACT 
EFFECT OF CULTIVATION ON SOIL ORGANIC MATTER AND AGGREGATE 
STABILITY : A SOIL QUALITY STUDY 
MAY 2001 
CHRISTOPHER ANDREW WILLIAMS, B.S., UNIVERSITY OF MAINE ORONO 
M.S., UNIVERSITY OF MASSACHUSETTS AMHERST 
Directed By: Professor Peter L. M. Veneman 
A number of soil attributes have been identified as measurable indicators that 
are useful for assessing soil quality. This study selected total soil organic matter 
(SOM), particulate organic matter (POM), and aggregate stability, to assess the 
impact of cultivation on soils representing the Hadley series (Coarse-silty, mixed, 
superactive, nonacid, mesic Typic Udifluvents). The hypothesis for the study 
was that cultivation has caused a loss in total SOM, a proportionally greater loss 
in the POM fraction, and a loss in aggregate stability. In addition, that cultivation 
has caused a loss in the quality, or biological lability, of the POM fraction. To 
determine the impact, 3 cultivated fields and 3 grassland fields were randomly 
sampled to a depth of 10 cm. Samples were bulked for one composite sample 
per field for analysis. Total SOM carbon (C) and nitrogen (N), and aggregate 
stability, were determined for each field and compared. Total POM and POM-C 
and N were determined for a paired set of one cultivated field and the adjacent 
grassland field. POM was separated densiometrically and was spectroscopically 
analyzed using solid-state 13C Nuclear Magnetic Resonance (NMR) and diffuse 
reflectance Fourier transform infrared (DRIFT) spectroscopy to determine any 
qualitative differences that could be attributed to cultivation. Results show a 
highly significant difference in total SOM-C and aggregate stability as a result of 
cultivation. Total soil organic carbon in the cultivated fields showed a decrease of 
28% compared to the grassland fields and wet aggregate stability decreased 
73%. For the paired set of fields total soil organic carbon decreased 18%, while 
physical amounts of POM decreased 60%, and the amount of POM-C as a 
percent of total soil organic carbon decreased 57%. Spectroscopic analysis by 
NMR shows a higher degree of mineralization in the cultivated POM than in the 
grassland POM, with less carbohydrate-C and higher amounts of aromatic-C in 
the cultivated POM, making it less biologically labile. Cultivation has clearly 
affected the quantity and quality of the soil organic matter and wet aggregate 
stability in the soils studied. 
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CHAPTER 1 
INTRODUCTION 
Soil is the world's most vital component for food and fiber production. 
Preservation of this critical natural resource is paramount for protecting the 
environment, and ensuring that current and future populations are healthy and 
well fed (Papendick and Parr, 1992). At presently accepted standards of living, 
human welfare will be challenged in the next century by a need to double food 
supplies to meet the needs of a population twice its current size (Doran, 1997). 
This challenge will obviously not be met by doubling the amount of land in 
agricultural production, but by better utilization of the existing resource base and 
further development and refinement of sustainable agricultural management 
practices. The goal of agricultural sustainability relates directly to maintaining a 
healthy soil that is resilient to stresses imposed on it by either natural forces or 
farming practices (Papendick and Parr, 1992). Soil health, also referred to as 
soil quality, is a critical component of sustainable agriculture. Understanding soil 
quality means assessing and managing soil so that it functions optimally now 
and in the future. By monitoring changes in soil quality, a land manager can 
determine if a given set of practices is sustainable. While the term "soil quality" 
is relative new, it is well known that soils vary in quality and that soil quality 
changes in response to use and management. If it can be agreed that an 
agricultural management system is sustainable only when soil quality is 
maintained or improved, then a quantitative assessment of the changes in soil 
quality provides a measure for sustainable management (Larson and Pierce, 
1994). 
Soil quality can be viewed in two different ways: (i) as inherent properties 
of a soil, which are the result of soil forming factors, and (ii) as the temporal 
nature of soils as influenced by human use and management. This second view 
examines the quality of a soil in respect to a reference condition for that soil, 
from which human-induced changes can be measured. It is this viewpoint that is 
driving much of the current research in soil quality (Seybold et al., 1997). 
Methods to quantify soil quality must assess changes in selected soil 
attributes over a prescribed period of time, in order to be useful in determining 
best management strategies (Gregorich et al., 1994). Larson and Pierce (1991) 
proposed a list of measurable soil attributes or a "minimum data set" for 
assessing the health or quality of soils. The development of a minimum data set 
involves the selection of a small set of attributes that will provide a practical 
assessment of a specific soil function (Gregorich et al., 1994). The attributes 
selected by Larson and Pierce (1991) were physical and chemical characteristics 
that pertained to the soil rooting environment, and also were soil properties in 
which quantitative changes could be measured in a short timespan. Several 
other minimum data sets for assessing soil quality have also been proposed 
(Arshad and Coen, 1992; Doran and Parkin, 1994; Gregorich et al., 1994; Larson 
and Pierce, 1994). One attribute that is common to all proposed minimum data 
sets is soil organic matter (SOM). Because organic matter can have a 
tremendous effect on the capacity of a soil to function, it has been recommended 
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to be a basic component in every minimum data set for assessing soil quality 
(Gregorich et al., 1994). Larson and Pierce (1991) considered SOM to be the 
single most important indicator of soil quality. Recent research (Cambardella 
and Elliott, 1992; Franzluebbers and Arshad, 1997; Wander and Traina, 1996a; 
Wander et al., 1994) suggests that characteristics of particulate organic matter 
(POM), an analytical SOM fraction obtained by physical fractionation, show 
promise as an early indicator of long-term changes in soil quality. The POM 
fraction consists of partially decomposed organic matter that is between 0.05 and 
0.20 mm in size, has a density of <1.85 g cm"3, and a C/N ratio of about 20. To 
study the attributes of POM, physical fractionation techniques are recommended. 
Recent studies have shown that chemical fractions are not clearly related to the 
dynamics of SOM in natural and cultivated systems, and that physical 
fractionation can be less destructive and more selective (Cambardella and Elliott, 
1992). Wander et al. (1994) concluded that assays of POM effectively 
characterized both the quality (biological lability) and quantity of active SOM. 
Sikora et al. (1996) concluded that soil organic matter is a major component in 
the evaluation of soil quality and suggested that POM is a soil organic matter 
component that may be useful in soil quality evaluation. 
A second soil attribute that has been identified as an indicator of soil 
quality is aggregate stability (Islam and Weil, 2000; Arshad et al., 1996; Arshad 
and Coen, 1992). Aggregate stability refers to the resistance of soil aggregates 
to break down by water and mechanical manipulation. Breakdown of aggregates 
results in plugging of soil pores by fine particles which reduces infiltration rates 
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and may cause surface sealing, or crusting (USDA-NRCS, 1996), and increases 
the loss of SOM (Besnard et al., 1996; Beare et al., 1994; Cambardella and 
Elliott, 1993). Well aggregated soils, if managed properly, are able to maintain a 
balance of air and water so as to promote nutrient cycling and root development, 
while resisting erosion, surface sealing, and other degradative processes 
(Arshad et al., 1996). Several recent studies (Puget et al., 2000; Haynes, 1999; 
Six et al., 1998; Besnard et al., 1996; Jastrow, 1996; Cambardella and Elliott, 
1993) have shown a strong correlation between the soil quality indicators of 
aggregate stability and particulate organic matter. 
The hypothesis for this study was that cultivation has caused a loss in 
total SOM, a proportionally greater loss in the POM fraction, and a loss in 
aggregate stability. Also, that cultivation has caused a loss in the quality, or 
biological lability, of the POM fraction. 
Objectives 
Specific objectives for this study were to; (i) measure the amount of total 
SOM, including SOM-carbon and nitrogen, and total POM, including POM-C and 
POM-N, in non-cultivated and adjacent cultivated fields; (ii) determine wet 
aggregate stability in both non-cultivated and adjacent cultivated fields; (iii) 
evaluate POM quality using solid-state 13C nuclear magnetic resonance (NMR) 
and diffuse reflectance Fourier transform infrared (DRIFT) spectroscopy; and (iv) 
assess differences in the aforementioned parameters between non-cultivated 
and adjacent cultivated fields. 
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CHAPTER 2 
LITERATURE REVIEW 
Soil Quality 
The concept of maintaining soil quality has been recognized for thousands 
of years. Virgil (70-19 B.C.) is credited with noting how important it is "... that we 
learn the temper and quality of our ground, the depth and substance of our soil 
and the color too, and then consult carefully what plants are natural to such a 
soil and which plants will grow the most freely upon it" (Simonson, 1968). A 
quote attributed to Thomas Tusser from the 17th century reveals a farmer's 
appreciation of soil quality in the simple statement "Good tilth brings seeds, ill 
tilture weeds" (Karlen et al., 1990). In recent U.S. history, Henry A. Wallace, 
Secretary of Agriculture wrote in the foreword to the 1938 Yearbook of 
Agriculture, "The social lesson of soil waste is that no man has the right to 
destroy soil, even if he does own it fee simple. The soil requires a duty of man 
which we have been slow to recognize" (USDA, 1938). 
Recent global concern for the current and future state of our soil 
resources and the issue of sustainability is reflected by international conferences 
such as the United Nations Conference on Environment and Development in Rio 
de Janeiro, Brazil, in 1992; the Soil Resilience and Sustainable Land Use 
Symposium in Budapest, Hungary, in 1992; the Sustainable Land Management 
Conference in Lethbridge, Canada, in 1993; and the International Congress of 
Soil Science in Acapulco, Mexico, in 1994 (Doran et al., 1996). Worldwide 
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initiatives to expand our knowledge of soil degradation and soil quality include a 
resolution by the African Soil Science Society in 1988 to address the problem of 
rampant soil degradation throughout the continent; the development of a 
National Soil Quality Evaluation Program by Agriculture Canada in 1990; and the 
establishment of an observation network for soil quality by the Government of 
France in 1986 (Parr et al., 1992). U.S. interest and effort is captured in a report 
by the National Research Council of the National Academy of Sciences which 
concluded that "Protecting soil quality, like protecting air and water quality, 
should be a fundamental goal of national environmental policy" (National 
Research Council, 1993). The creation of the Soil Quality Institute, in 1995, by 
the USDA-Natural Resources Conservation Service (NRCS), also serves as an 
example of the interest at the U.S. federal level. 
Soil Organic Matter 
In mineral soils, many properties associated with soil quality, including 
nutrient mineralization, aggregate stability, trafficability, and favorable water 
relations, are related to SOM content (Elliott et al., 1994). SOM is the primary 
source of, and a temporary repository for, plant nutrients in agroecosystems and 
is important in maintaining soil tilth, aiding the infiltration of air and water, 
promoting water retention, reducing erosion, and controlling the efficacy and fate 
of applied pesticides (Gregorich et al., 1994). With SOM recognized as one of, if 
not the, most important indicator of soil quality, Sikora et al. (1996) pose the 
question "When measuring SOM, is quantity, content, or change in SOM quantity 
6 
or content important to consider in determining soil quality?" Larson and Pierce 
(1994) advocate monitoring the dynamics of SOM change. Practical evaluation 
of SOM change as an indicator of soil quality will require specific analysis of the 
dynamic fractions that define SOM quality and serve as indicators of potential 
long-term change in the quantity of SOM (Sikora et al., 1996). Our ability to 
enhance management of cropping systems for sustained production is partly 
dependent on our understanding of how different SOM fractions are impacted by 
cultivation and how they are related to changes in the nutrient supply capacity of 
soil (Cambardella and Elliott, 1993). 
Particulate Organic Matter 
Several models have been developed that attempt to describe the 
processes of soil organic matter formation and turnover. Models that best 
represent the composite behavior include two or three organic matter pools that 
are kinetically defined with different turnover rates (Cambardella and Elliott, 
1992). The use of SOM as an indicator of soil quality must focus on discrete 
pools even though the ultimate concern is with the loss of total SOM. Only the 
most labile forms of SOM are thought to be involved in supplying nutrients for 
plant growth; however, the most labile fractions are also the first to be depleted 
as a result of cultivation or other system perturbations (Doran and Smith, 1987). 
The dynamics of intermediately labile SOM, a pool that turns over about every 15 
to 20 years, are most severely affected by these disturbances (Sikora et al., 
1996). Because SOM content changes slowly in temperate climates, 
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determination of a labile portion of SOM may be more indicative of management 
or treatment effects (Sikora et al, 1996). Current research suggests that 
characteristics of POM are consistent with theoretical characteristics of the 
intermediately labile SOM pool (Sikora et al., 1996). A common approach to 
evaluate the labile fractions is to determine the amount and characteristics of 
"free" organic matter, that is not intimately associated with mineral constituents 
(Magdoff, 1996). This is usually accomplished by dispersing soil and either (i) 
sieving out the large particles, i.e. the sand-size fraction (>53-pm) and then 
separating the organic matter from the sand, or (ii) subjecting the dispersed 
material to a solution of dense liquid and recovering the material that floats 
(Christensen, 1992). The fraction recovered by sieving is commonly referred to 
as POM, and the material that floats by density fractionation is known as light 
fraction (LF) organic matter. As originally defined by Greenland and Ford (1964), 
LF has a density of < 2.0 cm'3 and a C/N ration of < 25. These characteristics 
are consistent with the definition of POM given earlier. Both LF and POM have 
been defined as partially decomposed plant debris, intermediate between plant 
litter and humified, stable organic matter (Gregorich and Janzen, 1996; Sikora et 
al., 1996; Cambardella and Elliott, 1993; Greenland and Ford, 1964) and both 
have been shown to be much more responsive than total SOM to changes in 
agricultural management (Chan, 1997; Wander and Traina, 1996a; Wander et 
al., 1994; Cambardella and Elliott, 1993; Janzen et al., 1992). For this study the 
terms LF and POM are considered analogous. 
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Density Fractionation of SOM 
Density fractionation research was originally done using organic liquids 
such as tetrabromoethene, bromoform, and tetrachloroethane (Christensen, 
1992). One of the drawbacks of these liquids is the high potential toxicity of 
halogenated hydrocarbons (Meijboom et al., 1995). More recently, inorganic 
salts such as magnesium sulfate, sodium bromide, sodium iodide, sodium 
polytungstate and zinc bromide have been used. Solutions of sodium 
polytungstate are less viscous and less toxic than solutions of zinc bromide 
(Plewinsky and Kamps, 1984) and have been commonly used in recent density 
fractionation studies. Meijboom et al. (1995) promote the use of a stable silica 
suspension (Ludox™) as a heavy liquid because it is not environmentally toxic 
and is much less expensive than sodium polytungstate and other inorganic salts. 
Ludox has a maximum density of about 1.37g cm'3, which is a considerably lower 
density than has been used historically. Density fractionation has most often 
been done using a liquid with a specific density between 1.6 and 2.2 g cm'3 
(Christensen, 1992). Oades (1989) concluded that no critical density would 
completely separate the free SOM from the mineral-complexed SOM. Recently, 
Cambardella and Elliott (1992, 1994) used sodium polytungstate adjusted to 
densities of 1.85, 2.07, or 2.22 g cm"3, respectively to isolate POM from various 
aggregate sizes. Wander et al. (1994) and Wander and Traina (1996a) used 
sodium polytungstate at a density of 1.60 g cm'3 to separate the particulate 
organic matter from the heavy fraction, or mineral-complex organic matter. 
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Haynes (2000); Janzen et al. (1992); and Strickland and Sollins (1987) used 
sodium iodide adjusted to 1.70 g cm'3 for densiometric separation of POM. 
Aggregate Stability 
Aggregate stability, the resistance of soil structural aggregates to 
dispersion when wetted, is an important soil quality property both because it 
influences many soil functions and because it reflects an interrelationship among 
biological, chemical, and physical soil properties (Islam and Weil, 2000). 
Several models of aggregation divide soil into macroaggregates (>250 pm 
diameter) and microaggregates (< 250 pm diameter) often with several steps of 
aggregation within the microaggregates (Tisdall, 1996). Microaggregates are 
bound together to form macroaggregates. Microaggregates form when 
polysaccharides, highly decomposed organic matter, bacterial cells or colonies, 
or fragments of plants or microorganisms are physically or chemically protected 
from microorganisms (Tisdall, 1996). The protected organic matter then 
stabilizes the microaggregates, which can persist for many years. Balesdent 
(1996) suggests that microaggregates have a lifetime of about 1 century, which 
is similar to the lifetime of fine organic matter in some soils. Stable 
macroaggregates consist of microaggregates held together primarily by roots 
and fungal hyphae, and include casts and faeces of earthworms (Tisdall, 1996). 
Much of the earliest work on the stability of hydrated aggregates utilized 
elutriation through various size tubes to separate the aggregates into several 
size groupings, the effective size of which were calculated according to Stokes' 
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Law (Kemper and Rosenau, 1986). Yoder (1936) developed a wet-sieving 
procedure utilizing a nest of six sieves to determine the stability of aggregates of 
different sizes. In this method, 50 g of air-dried soil was placed on the top sieve, 
and the nest of sieves was lowered into water and mechanically raised and 
lowered in the water through a distance of 3.18 cm at a rate of 30 cycles min'1 for 
30 min (Yoder, 1936). The amount of soil retained on each sieve was 
determined by drying and weighing. Most of the work on wet aggregate stability 
has utilized Yoder's method or some variation of it (Kemper and Rosenau, 1986). 
Later work indicated that aggregate stability can be determined using a single 
sieve with much less investment. The single-sieve method is as well correlated 
with important field phenomena as the multi-sieve fractionation originally 
proposed (Kemper and Rosenau, 1986). 
Studies have shown that conventional tillage destroys macroaggregate 
structure, with a consequent decrease in aggregate stability. Islam and Weil 
(2000) reported higher percentages of water stable aggregates under 
conservation, or reduced tillage than under conventional tillage. Haynes (1999) 
found more stable macroaggregates under long term pasture than under 
continuous cultivation to barley. Chan et al. (1988) reported significantly higher 
water stable aggregation in Vertisols under natural pasture compared with 
adjacent cropped soils. Tillage breaks up the network of roots and fungal 
hyphae so that macroaggregates are readily destabilized when soils from old 
pasture are used for crops (Chan et al., 1988). For example, tillage of several 
Alfisols from under old pasture in the first year of production of tomatoes 
(Lycopersicon esculentum Mill.) decreased the stability of macroaggregates from 
90% to 58% (Adem and Tisdall, 1984). Aggregates coarser than 1 mm have a 
lifetime of a few years, which is similar to the lifetime of POM itself (Balesdent, 
1996). 
Carbohydrates have been shown to play an important role in aggregate 
stability. Most of the carbohydrate fraction is present as a mixture of complex 
polysaccharides. From an agricultural viewpoint, the most important property 
associated with soil polysaccharides is the binding of soil particles into stable 
aggregates (Cheshire, 1979). Baver (1963) indicated that the oxidative 
destruction of soil polysaccharides resulted in a 30 to 90% reduction in the 
stability of soil aggregates. The relationship between aggregation and soil 
organic matter content is likely attributable to the polysaccharide component, 
which forms a remarkably constant proportion of the organic matter (Cheshire, 
1979). In a review of the role of various components of SOM, Gregorich et al. 
(1994) relate that carbohydrates contribute to soil quality primarily through their 
role in the formation and stabilization of soil structure. They suggest that the 
labile fractions of the carbohydrate pool could be sensitive indicators of change 
in organic matter quality. The carbohydrates include the cellular materials of 
plants, animals and microorganisms, and the mucilage secreted by roots, root 
hairs, fungal and algal hyphae, and bacteria (Tisdall, 1996). 
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Spectroscopic Analysis of SOM 
NMR was well established for organic chemical applications by 1965, but 
it is only within the last 10 to 15 years that developments in NMR technology 
have made possible its routine application to areas such as SOM (Preston, 
1996). The first studies were of humic and fulvic acids and of NaOH extracts in a 
liquid state (Mahieu et al., 1999). Over the last 15 years developments such as 
the use of stronger magnetic fields, Fourier transform techniques, and cross 
polarization with magic-angle spinning, have allowed the application of NMR to a 
wider range of materials, especially to whole soils (Preston, 1996). Recently, 
NMR techniques have been used to study changes in organic matter 
constituents during composting (Inbar et al., 1989); to assess the effect of 
cultivation on the organic matter of different particle sizes Preston et al., 1993); 
to determine cultivation effects on organic matter of Vertisols (Skjemstad et al., 
1986); and to assess differences between free and occluded POM (Golchin et 
al., 1994). NMR spectroscopy is non-destructive, and it allows the observation of 
organic matter in situ with only minimum transformation of the samples (Mahieu 
et al., 1999). 
In a review of the application of NMR spectroscopy to SOM, Preston 
(1996) cites the technique of cross polarization with magic-angle spinning (CP- 
MAS) as the most popular. However, after examining several commonly used 
NMR techniques, Xing et al. (1999) recommended the use of cross polarization 
with total sideband suppression (CP-TOSS). CP-TOSS is recommended 
13 
because it not only provides clear qualitative information, but also yields better 
semi-quantitative results than CP-MAS (Xing et al., 1999). 
By integrating the CP-TOSS spectra according to standard chemical shift 
ranges, the relative content of major C types can be determined. For 13C-NMR 
spectroscopy, the most common reference standard is an aqueous solution of 
tetramethylsilane, Si(CH3)4, or TMS (Stevenson, 1994). The positions of NMR 
signals are reported relative to the signal for TMS. The unit of measurement for 
the resonance position is parts per million (ppm), and is referred to as the 
chemical shift. TMS produces a strong signal at 0 ppm. The chemical shift 
could theoretically be expressed as the frequency difference, in hertz (Hz), 
between the reference standard and the sample being analyzed. However, this 
means that the chemical shift in Hz would depend on the magnetic field in which 
the sample was placed. To remove the dependence of the chemical shift on 
magnetic field strength and therefore operating frequency, the chemical shift is 
expressed in ppm, a dimensionless number. The difference between the 
resonance frequency of the reference and the sample, measured in hertz, (e.g. 
75 Hz) is divided by the spectrometer's operating frequency, giving the chemical 
shift. 
The origin of Fourier transform techniques for the measurement of high 
quality infrared spectra can be traced back to the turn of the century, when 
Michelson first described in interferometer (Griffiths, 1983). The development of 
an attachment mounted onto Fourier transform infrared (FTIR) 
spectrophotometers has led to diffuse reflectance spectrometry, in which the 
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spectra of powdered samples can be measured directly (Niemeyer et al., 1992). 
Diffuse reflectance Fourier transform infrared (DRIFT) spectroscopy is 
recognized as the most sensitive routine infrared technique (Griffiths, 1983) and 
can be used to rapidly characterize the functional group composition of 
heterogeneous materials with minimal sample preparation. This makes DRIFT 
an ideal tool to survey the composition of heterogeneous organic fractions 
(Wander and Traina, 1996b). In DRIFT spectroscopy, the diffuse reflectance 
signal can be described by the Kubelka-Munk function (KM) where KM is the 
ratio of diffuse reflectance from the sample and the diffuse reflectance from a 
non-absorbing powder. This ratio is related to sample absorption (a), 
concentration (c), and a scattering coefficient(s), as follows: 
KM = 2'303<3C 
V s J 
Differing opinions exist as to the suitability of using DRIFT spectra for 
quantitative evaluations (Niemeyer et al., 1992). In an investigation of humic 
acids (HA), Niemeyer et al. (1992) reported that there was no relationship 
between peak intensity and HA concentration. They concluded therefore that 
DRIFT spectra cannot be used for quantitative determination of humic 
substances, but could be used to generate peak ratios from which one can 
assess the relative enrichment and depletion of specific functional groups within 
complex organic and organo-mineral spectra. Because spectral scattering and 
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irradiated concentrations of samples vary, direct quantitative analysis is not 
possible (Wander and Traina, 1996b). Wander and Traina (1996b) used ratios 
of reactive (O-containing) and recalcitrant (C, H. and/or N) functional groups of 
both physically and chemically isolated SOM fractions to show semiquantitative 
differences between farming systems and also differences over time. Other 
researchers (Capriel et al., 1992; Inbar et al., 1989) have investigated changes 
in organic matter by using both FTIR and NMR. Inbar et al. (1989) concluded 
that the results of analysis by NMR and FTIR are complementary in terms of 
ascertaining and corroborating the structure and functional characteristics of 
composting materials. Capriel et al. (1992) showed that NMR and FTIR spectra 
showed similar results, and both indicated no major effect of management on the 
chemistry of the fractions investigated. 
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CHAPTER 3 
MATERIALS AND METHODS 
Study Location 
The study site is located in the Connecticut River Valley, in the Town of 
Northampton, Massachusetts, on the grounds of the Arcadia Wildlife Sanctuary 
(42° 17’ N, 72° 38' W) (Fig. 1). Mean annual precipitation is 1041 mm (41 in) and 
mean annual temperature is 9° C (48° F). The soils are mapped as Hadley silt 
loam (Coarse-silty, mixed, superactive, nonacid, mesic Typic Udifluvents) by the 
USDA-NRCS (Swenson, 1981). Three grassland fields and three adjacent 
cultivated fields were sampled. The grassland fields have been in grass for more 
than 50 years and are seeded predominantly to sweet vernalgrass 
(Anthoxanthum odorantum L). The cultivated fields have been conventionally 
tilled for 20 years. Fields no. 4 and 6 were cropped to corn (Zea mays L.) from 
1980 to 1990, and cropped to several varieties of potatoes (Solanum tuberosum) 
from 1991 to 2000. Field no. 5 was cropped to com from 1980 to 1995, and also 
in 1997 and '98, and to potatoes in 1996, '99, and 2000. Ten samples per field 
were randomly collected using a 7.5-cm diameter soil corer, with a sampling 
depth of 10 cm. This depth is consistent with similar studies by Boehm and 
Anderson (1997); Buyanovsky et al. (1994); Chan (1997); Gregorich et al. 
(1997); and Wander and Traina (1994, 1996a). Samples were transported to the 
laboratory, were air dried, and passed through a 2-mm sieve. Samples within 
each field were composited for subsequent analysis. 
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Fig. 1 Site map of study area. 
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Laboratory Methods 
Total soil organic carbon levels were determined by grinding and 
homogenizing 30-g subsamples of each composite sample in an SPEX model 
8510 shatterbox. Homogenized samples were analyzed for total carbon (C) and 
nitrogen (N) content at the University's Microanalytical Laboratory using an 
Exeter Analytical 240XA Elemental Analyzer, which combusts a weighed sample 
in oxygen over a Pt-catalyst via the modified Pregl/Dumas method 
(G. Debkowski, personal communication, 2001). 
To isolate the POM fraction, 30-g subsamples of each composite sample 
were dispersed with a 5% sodium hexametaphosphate solution and 
mechanically shaken on an Eberach reciprocating shaker (135 cycles min'1) for 
15 hours. After shaking, the dispersed samples were passed through a 53-pm 
sieve, separating the sand and POM from the silt and clay and the mineral 
associated organic matter fractions. For analysis of the POM, the sand and 
POM retained on the sieve were floated in an aqueous solution of sodium iodide 
(Nal) adjusted to a density of 1.85g cm'3. After an overnight settling period, the 
POM was aspirated from the surface of the solution, according to the method of 
Strickland and Sollins (1987). The resulting suspension of Nal and POM was 
poured through a glass filtration unit equipped with a nylon filter, and the filtrate 
was collected for reuse. The POM remaining on the filter was washed with a 
0.01 M solution of calcium chloride (CaCI2). The CaCI2 solution was used to 
wash any Nal from the POM because halogens may interfere with some 
methods of carbon analysis, and CaCI2 helps to prevent clogging of the filter 
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(Gregorich and Ellert, 1993). After a final wash with distilled water, the POM was 
transferred to a small aluminum dish and placed in a 50° C oven to obtain the dry 
weight of the POM. Dried POM was ground with a mortar and pestle and 
transported to the Microanalytical Laboratory for C and N analyses by the 
modified Pregl/Dumas method described above. Residual hexametaphosphate 
does not influence the recoveries of C and N by Dumas combustion (Beare et 
al., 1994). 
Particle-size analysis (PSA) was determined by the pipette method as 
described by Gee and Bauder (1986). PSA was determined for a 25.0-g 
composite sample for each of the six fields. Soil reaction (1:1 water) of the 
composite samples was determined using a Fisher Accumet pH meter, model 
805MP. 
Aggregate Stability 
Aggregate stability was determined by the wet sieving method as 
described by Angers and Mehuys (1993). Ten grams (Ml) of 1.0 to 2.0-mm 
sized aggregates were isolated by sieving. Aggregates were then placed on a 
250-pm sieve and wetted by a combination of capillarity and misting for 10 
minutes. The sieve was then immersed in water and manually raised and 
lowered approximately 4.0 cm, 29 times a minute for 10 minutes, with the 
aggregates remaining immersed on each upstroke. Aggregates remaining on 
the sieve were dried at 105° C and reweighed (M2). They were then transferred 
to a flask, dispersed with a 5% sodium hexametaphosphate solution and 
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mechanically shaken on an Eberach reciprocating shaker (135 cycles min'1) for 
45 minutes. The suspension was washed onto the 250-pm sieve. Particles 
remaining on the sieve were dried at 105° C and weighted (M3). Percent wet 
aggregate stability (%WAS) was calculated from the equation: 
%WAS = 100 (M2 - M3)/((M1/(1 + -(0G) - M3). 
The gravimetric water content (0G), expressed as g g'\ was previously 
determined by weighing a subsample of the 1.0 to 2.0-mm sized aggregate 
fraction, drying them at 105° C and reweighing to calculate the percent moisture. 
Percent wet aggregate stability was determined for composite samples from 
each of the six fields. Mean values were compared between the grasslands and 
the cultivated fields. 
POM Characteristics 
CP-TOSS NMR was used to determine the effect of cultivation on the 
chemical composition, or quality, of the POM. Samples were packed in a 7-mm 
diameter zirconiz rotor with a Kel-F cap and run at 75 MHz in a Bruker MLS-300 
spectrometer, at a spinning speed of 4.5 KHz. The 'H 90° pulse length was 3.4 
ps and the 13C 180° pulse length was 6.4 ps. The contact time was 800 ps, and 
the relay delay was 1.0 s with 4096 scans. 
DRIFT spectroscopy was also used to investigate the effect of cultivation 
on POM chemistry. POM samples were powdered with a sapphire mortar and 
pestle and stored over phosphorus pentoxide (P205) in a desiccator. Samples 
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were then mixed with potassium bromide (KBr) to a total weight of 100 mg per 
sample and reground with an agate mortar and pestle to powder consistency, 
transferred to a sample holder, and the sample surface smoothed with a 
microscope glass slide. Before analysis, the diffuse-reflectance cell containing 
the samples was flushed w'ith a dry nitrogen gas stream to eliminate interference 
from carbon dioxide and moisture. A small jar containing 20 ml of anhydrous 
magnesium perchlorate (Mg(C104)2) was placed inside the sample compartment 
to further reduce atmospheric moisture. The DRIFT was performed in an 
Infrared Spectrophotometer (Midac series M 2010) with a DRIFT accessory 
(Spectros Instruments). To obtain DRIFT data, 100 scans were collected at a 
resolution of 16 crrr and spectra, as well as numerical values for major peak 
wave numbers and intensities, were recorded. Absorption spectra were 
converted to the Kubelka-Munk function using Grams/32 software package 
(Galactic Corporation, NH). Peak assignments and intensity ratio calculations 
were done following the methods of Niemeyer et al. (1992) and Wander and 
Traina (1996b). 
Statistical Methods 
All data were subjected to analysis of variance (ANOVA) using PROC 
ANOVA of SAS (SAS Institute, Inc., Crary, NC, 1988). Means were separated 
by use of Duncan's New Multiple Range Test or a paired f-test, as warranted by 
the comparisons being made. 
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CHAPTER 4 
RESULTS AND DISCUSSION 
Total Organic Carbon 
Differences in mean values for total soil organic carbon (TOC) were highly 
significant (p < 0.0001) between the grassland fields and the cultivated fields 
(Figure 2). Mean TOC values show an overall decrease of 27.5% for the 
cultivated fields compared to the grassland fields. Other studies have shown 
that the use of conventional cultivation methods for crop production in North 
America has resulted in a significant decline in SOM content (Cambardella and 
Elliott, 1992). Conventional tillage practices can lead to losses of 40% or more 
of TOC over a period of 60 years (Jenny, 1941; Tiessen and Stewart, 1983). 
TOC values for the six fields ranged from a low value of 0.86% for field 
no. 4 to a high of 1.91% for field no. 3. Values for the grassland fields were 
similar for field numbers 1 and 2, at 1.54% and 1.57% respectively, while field 3 
yielded a significantly higher value of 1.91%. However, when comparing organic 
carbon values as a function of clay percentage the values show a linear 
relationship (r2 = 0.92). Generally, as soil clay content increases, the amount of 
soil organic matter tends to increase as well (Magdoff, 1996). Clay and organic 
matter interact in soil to form complexes and microaggregates that render 
organic substances less susceptible to biodegradation (Hassink and Whitmore, 
1997). Studies by Ladd et al. (1990), and Jenkinson (1977) show that soils with 
relative high clay content tend to stabilize and retain more organic matter than 
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Fig. 2. Percent organic carbon by field. The letter above each 
column indicates similarity or dissimilarity using Duncan's New 
Multiple Range Test (p < 0.0001). 
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those with low clay contents. Organic matter may be protected from microbial 
attack, and subsequent breakdown, by adsorption to clay minerals (Beare et al., 
1994). The rate of decomposition of organic materials in soil is generally thought 
to be reduced by the presence of clay. Results of a study by Nichols (1984) of 
the relation of organic carbon to soil properties and climate in the southern Great 
Plains indicate a significant relationship between organic carbon and clay (r2 = 
0.86) and a lesser correlation with other properties. 
Differences in TOC values for the three cultivated fields were all highly 
significant (p < 0.0001). Field no. 5 had the highest value with a TOC value of 
1.52%. This was similar to the values for grassland fields 1 and 2. This 
discrepancy can be attributed to management. Field no. 5 experienced regular 
applications of cattle manure along with mineral fertilizer, for additional C input. 
Korschens (1996) reported that fertilizing with a combination of organic 
and mineral fertilizer caused an increase in soil organic carbon. In a five-year 
study, Sommerfelt and Chang (1985) determined that the SOM content in the top 
15 cm increased at a rate of 0.025 percent per Mg ha'1 of manure applied 
annually. Roder et al. (1988) showed a 6 to 16 percent increase in TOC after 5 
years for a treatment that received 15.8 Mg ha'1 of manure each year vs. a non- 
fertilized control. Paustain et al. (1992) found C inputs to be the single most 
important factor determining SOM levels. They also showed that high lignin 
organic amendments, like farmyard manure, were more recalcitrant to 
decomposition than low lignin amendments like wheat straw, resulting in higher 
TOC accumulations per unit C. Not all studies show an increase in soil organic 
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carbon with addition of manure. Citing studies in Rothamstead, England; 
Pendelton, Oregon; Champaign, Illinois; and Columbia, Missouri, Reicosky et al. 
(1995) summarized that “In general, it was found that soil cultivation caused a 
decline in organic carbon content, which constitutes about half of the organic 
matter, or at best, stabilized organic matter, even with heavy manure treatment, 
as long as conventional tillage continued. 
Particulate Organic Matter 
Comparing grassland field no. 1, and the adjacent cultivated field (field no. 
6), TOC values decreased from 1.54% (approximately 2.65% SOM) to 1.26% 
(approximately 2.17% SOM) for a decline of 18.2%. POM-C decreased from 
22.9% of TOC in the grassland field to 9.8% in the cultivated field, for a decline 
of 57.2%. The amount of POM decreased from 13.8 g kg'1 to 5.1 g kg'1, for a 
decline of 63.0% (Table 1). 
Cambardella and Elliot (1992) showed that POM-C represented the 
majority of the soil organic C lost as a result of cultivation of grassland soils in 
Nebraska. They reported that POM-C in the native sod represented 39% of the 
TOC, and that 20 years of bare fallow, stubble mulch, and no-till, reduced this 
amount to 18, 19, and 25%, respectively. For the bare fallow treatment this 
represents a 53.8% reduction in the C associated with this fraction. In a study of 
cropping effects on Vertisols in Australia, Chan (1997) concluded that POM-C 
was the form of organic C preferentially lost when native pasture was converted 
to cropping. On average, POM-C made up 70% of the difference in organic C 
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Table 1. POM, POM-C as a % of TOC, TOC, and % water stable aggregates, 
for grassland field (field no. 1) and adjacent cultivated field (field no. 6). 
Field POM POM-C as TOC (%) Water Stable 
Number (9 kg-1) % of TOC Aggregates (%) 
1 13.8 22.9 1.54 88 
6 5.1 9.8 1.26 25 
Table 2. Summary of soil texture, pH, and C/N ratio by field. Fields labeled G are 
grasslands and those labeled C are cultivated fields. Soil particle-size class 
designations are as follows: VFSL - very fine sandy loam; SiL - silt loam, L - 
loam. 
Field 
Number 
Field 
Type 
Particle-Size 
Class 
Soil Reaction 
(pH) 
C/N Ratio 
(Whole Soil) 
C/N Ratio 
(POM) 
1 G VFSL 4.7 11 22 
2 G SiL 4.6 12 27 
3 G L 4.7 10 20 
4 C VFSL 5.5 10 17 
5 C SiL 5.6 11 19 
6 C SiL 5.9 11 16 
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between the native pasture and the cropped soils in the 0 to 5 cm depth interval. 
In a study of tillage induced differences in organic matter, Angers et al. (1993) 
reported that the organic C of the sand-size fraction, analogous to POM-C, 
accounted for 19% of the TOC under reduced tillage, but only 7% under 
conventional tillage; a decrease in POM-C of 63%. Studded et al. (1997) 
investigated the effect of a crop-pasture rotation on soil quality in Typic 
Argiudolls in Argentina and showed that light fraction-C, or POM-C, was much 
more sensitive to system management changes than was the total SOM pool. In 
a similar study of a crop-pasture rotation in New Zealand, Haynes (2000) 
concluded that labile organic matter content, which includes POM, is better 
correlated with recent cropping history than with soil organic C. Due to changes 
in C supply, labile organic matter fractions can increase markedly under the 
pasture phase of crop-pasture rotations and decline under the arable phase, 
even though total organic C remains unchanged, and therefore are more 
sensitive indicators of soil quality (Haynes, 2000). Franzluebbers and Arshad 
(1997) reported that POM-C averages 20% (+ 10%) greater under zero tillage 
than under conventional tillage in four soils in northern Alberta and British 
Columbia, Canada. Crop sequence, rotation, and management practices can 
affect the POM fraction by influencing both the quantity and quality of crop 
residues (tops and roots) which are returned to the soil, and the rate of 
decomposition of added residues and native organic matter (Angers et al., 1993; 
Gregorich et al., 1994; Haynes, 2000). 
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Carbon/Nitrogen Ratios 
The carbon to nitrogen (C/N) ratios showed little variation among the 
fields (Table 2), and ranged from an average value of 10 in one of the cultivated 
fields (field no. 4) to 12 in one of the grassland areas (field no. 2). Overall, the 
C/N ratios showed no effect of cultivation, with both cultivated fields and 
grassland areas having an average value of 11. Typically, the C/N ratios of 
cultivated soils average between 10 and 12 (Brady, 1974). C/N ratios of the 
POM showed a non-significant difference (t = 0.05) between cultivated and 
grassland, with cultivated fields having an average C/N ratio of 17 and 
grasslands an average of 23. The C/N ratio of LF, or POM, is usually 
intermediate between that of whole soil and plant tissue, in part because LF 
organic matter is less humified than the rest of the whole soil organic matter 
(Gregorich and Janzen, 1996). Gregorich (unpublished data, 1994) reported that 
forest leaf tissue had a C/N ratio of 35, while LF from the forest soil had a ratio of 
22, and the whole soil (0-5 cm depth) had a value of 16. The same study 
showed that corn leaf tissue had a C/N ratio of 56, LF from the topsoil had a ratio 
of 22, and the whole soil (0-5 cm depth) had a value of 10. 
The degree of decomposition of organic matter is reflected by the C/N 
ratio. C/N ratios tend to decrease as organic matter is decomposed, i.e. nitrogen 
tends to be recycled when carbon is mineralized and lost from the soil (Tisdall, 
1996). The values from this study show that the cultivated POM is more 
decomposed than POM from the grasslands, although the differences were not 
statistically significant. 
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Aggregate Stability 
Differences between the percentage of water stable macroaggregates (1 
to 2 mm) were highly significant (p < 0.0026) between the cultivated fields and 
the grassland fields (Fig. 3). Grassland fields averaged 84 percent water stable 
aggregates while the cultivated fields averaged 23 percent. Lower aggregate 
stability values for the cultivated fields means that these fields are much more 
susceptible to water erosion and surface crusting. 
Soil aggregates are sensitive to management practices, with tillage 
causing increased aggregate disruption (Six et al., 1998). Plowing has several 
effects on aggregation. First, tillage continually exposes new soil to wet-dry, and 
freeze-thaw cycles at the surface (Beare et al., 1994; Paustian et al., 1997), 
subjecting an increased number of aggregates to these disruptive forces. 
Second, plowing changes the soil condition with respect to moisture and 
temperature, which increases the decomposition rate of organic matter that helps 
bind aggregates (Cambardella and Elliott, 1993). Third, tillage disrupts the 
microbial population, in particular the fungal hyphae. Fungal hyphae help hold 
macroaggregates intact so that they do not collapse in water (Tisdall, 1996). 
Contemporary concepts of aggregates emphasize the role of particulate 
plant remains in aggregate formation and stabilization (Christensen, 1992). 
Cambardella and Elliott (1993) concluded the loss of structural stability in 
grassland soils that is associated with cultivation may be related, either directly 
or indirectly, to the loss of C and N from the POM fraction. Puget et al. (2000) 
30 
W
at
er
 S
ta
b
le
 A
g
g
re
g
a
te
s 
(%
) 
1 2 3 4 5 6 
Field Number 
Fig. 3. Percent water stable aggregates by field. Results of 
ANOVA show a highly significant difference (p < 0.0026) in 
aggregate stability between grassland fields and cultivated fields. 
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reported that the main difference between stable and unstable macroaggregates 
were in total SOM, POM, and young organic matter. They proposed that stable 
macroaggregates were formed by the binding of microaggregates by addition of 
young (younger than 6 years) organic matter, predominantly plant debris. By 
contrast, unstable aggregates were simple associations of microaggregates with 
no additional material (Puget et al., 2000). This suggests that POM is an 
important factor in aggregate stability. Lower amounts of POM correspond to 
fewer water stable aggregates, which agrees with the results of this study. 
Comparing the paired set of field 1 (grassland) and field 6 (cultivated), POM 
decreased by 63% while aggregate stability decreased by 72%. This is similar to 
the overall difference in aggregate stability. Comparing all fields (grassland vs. 
cultivated), aggregate stability decreased by 73%. 
Nuclear Magnet Resonance 
Solid-state 13C NMR spectra showed differences in the structural makeup 
of the POM between the grassland and the cultivated field (Fig. 4). Integrated 
results of the CP-TOSS spectra showed a loss in carbohydrate-C (60-96 ppm) 
and an increase in aromatic-C (108-162 ppm) as a result of cultivation. This 
translates to a loss in biological lability in the cultivated POM. Higher amounts of 
carbohydrate-C in the grassland POM means that the organic matter is younger 
and less decomposed, while the increase in aromatic-C in the cultivated POM 
shows that it has a higher percentage of lignins, a more decomposed form of C, 
and a much less viable energy source for the microbial decomposers. 
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Chemical Shift (PPM) 
Fig. 4. Integrated results of CP-TOSS 13C NMR spectra showing relative 
percentages of carbon functional groups in grassland and cultivated POM. 
The chemical shift of 60-96 ppm shows a higher percentage of 
carbohydrate-C in the grassland POM, and at 108-145 ppm, a higher 
percentage of aromatic-C in the cultivated POM. 
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Preston (1996) concluded that practices which incorporate intensive tillage and 
removal of residue show loss of signatures by NMR, or other techniques, 
associated with carbohydrates. Baldock et al. (1992) reported that high 
resolution solid-state 13C NMR spectroscopy showed that organic matter which 
contained mainly O-alkyl-C (hemicellulose, cellulose, and proteins) was less 
decomposed than that which contained mainly aromatic-C (lignin) or the highly 
recalcitrant alkyl-C (waxes and fatty acids). This agrees well with the results of 
this study. The grassland POM investigated had 62% of its carbon as O-alkyl-C 
as opposed to 48% for the cultivated POM, while the cultivated POM had 31% of 
its carbon as aromatic-C and 12% as alkyl-C, compared to 22% and 9%, 
respectively, for the grassland POM (Fig. 5). These results show that along with 
affecting the quantity of POM, cultivation has affected the quality, or biological 
lability, of the organic matter in these soils. 
Different authors have utilized different chemical shifts to characterize 
NMR spectra. In a statistical analysis of the published data of 13C CP-MAS NMR 
spectra of SOM, Mahieu et al. (1999) reported that the number of spectral areas 
used in the different studies varied from 4 to 9. For comparative purposes they 
combined these into the following 4 spectral areas: 0-50 ppm (alkyl-c); 50-108 
ppm (O-alkyl-C, includes carbohydrate-C), 108-160 ppm (aromatic and phenolic- 
C) and 160 to 200 ppm (includes carbonyl, carboxyl, and quinone-C). These 4 
basic groupings were also used by other researchers to compare spectra 
(Wilson, 1981; Skjemstad etal., 1986). 
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Fig. 5. NMR spectra of POM showing relative peak heights in the 4 
spectral regions defined by Mahieu et al. (1999). 
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In a review of published data of the spectra of the sand-size fraction of 
SOM, which included 52 samples, Mahieu et al. (1999) reported that the 
composition of the sand-size fraction is dominated by O-alkyls, with 48% on 
average. This agrees well with the spectra of the cultivated POM (48%) in this 
study but not with the grassland POM (62%). Reviewing all published data, 
regardless of the fraction investigated, Mahieu et al. (1999) showed that the 
proportion of C in each of the 4 functional groups covered a wide range. Despite 
this variability, the order of abundance was always the same, irrespective of C 
content and land use: O-alkyls were always dominant, followed by alkyls, 
aromatics, and carbonyls (Mahieu et al., 1999). Results of this study differ, with 
O-alkyls dominant, followed by aromatics, alkyls, and carbonyls. This is possibly 
due to the NMR technique used to obtain the data. In an evaluation of different 
solid-state 13C NMR techniques for evaluating humic acids, Xing et al. (1999) 
reported that compared to CP-MAS, CP-TOSS had a lower percentage of 
functional groups within the ranges 0-108 ppm (which includes alkyls) and 190- 
220 ppm, and a higher percentage of functional groups within the range 108-190 
(which includes aromatics). 
The chemical shift ranges and the corresponding functional groups used 
in this study are: 0-50 ppm, aliphatic groups (alkyl-C); 50-60 ppm, methoxy 
groups, 60-96 ppm, carbohydrate-C, 96-108 ppm, C-O-C groups (O-alkyl-C); 
108-145 ppm, aromatic groups, 145-162 ppm, phenolic groups (aromatic and 
phenolic-C); 162-190 ppm, carboxyl groups, and 190-220 ppm, carbonyl groups 
(includes carbonyl and quinone-C); after the method of Xing et al. (1999). For 
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comparative purposes they are combined into the four spectral areas (alkyl-C; O- 
alkyl-C; aromatic and phenolic-C; and carbonyl, carboxyl, and quinone-C) as 
defined earlier (Fig. 5). 
The most resistant fractions of SOM are assumed to contain a greater 
proportion of aromatic rings, and have a turnover time of about 500 years, 
whereas the less resistant fractions have a turnover time of around 20 years 
(McGill et al., 1981). Therefore, Skjemstad et al. (1986) concluded that the 
organic C remaining after 20 years of continuous cultivation might be expected to 
be enriched in the resistant fraction. NMR spectra from this study shows similar 
results with an increase in aromatic-C as a result of cultivation. 
The same trends seen with intensity of management can be seen with 
increasing decomposition of SOM. The initial stages of decomposition of such 
things as plant litter, forest floor, and peat is associated with the loss of the most 
easily metabolizable carbohydrates (Preston, 1996). Inbar et al. (1989) utilized 
both 13C-NMR and Fourier transform infrared (FTIR) spectroscopy to evaluate 
changes in manure during composting. NMR results showed that the main 
change that occurred during the composting process was the reduction in 
carbohydrates, which decreased by 33%. The results reported for FTIR showed 
an increase in aromaticity and a decrease in polysaccharides during 
decomposition. They concluded that the results of analysis by 13C-NMR and 
FTIR are complementary in terms of ascertaining and corroborating the structure 
and functional characteristics of composting materials. 
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Capriel et al. (1992) investigated the effect of different agricultural 
management systems on the organic matter of humic and fulvic acids in a 
mineral soil using solution 13C-NMR and FTIR spectroscopy. They determined 
that the results of the spectral analyses were similar, and both indicated no major 
effect of management on the chemistry of the fractions investigated. 
Diffuse Reflectance Fourier Transform Spectroscopy 
DRIFT spectra of the grassland POM and the cultivated POM were similar 
in their basic peak assignments (Fig. 6). To assess the impact of cultivation on 
the POM, the ratios of reactive (O-containing) and recalcitrant (C, H, and/or N) 
functional groups were examined. Organic-O was equated with SOM reactivity 
because it is present in all major SOM functional groups (Wander and Traina, 
1996b). Generally, the higher the ratio, the more biologically labile the organic 
matter. Reactive/recalcitrant ratios for this study showed no significant 
differences between the grassland POM and cultivated POM. This suggests that 
there is no difference in their biological lability. This is inconsistent with the NMR 
results. NMR spectra shows a higher amount of carbohydrate-C and lower 
amount of aromatic-C in the grassland POM, suggesting that it is less 
decomposed and therefore more biologically labile than the cultivated POM. 
Identification of selected DRIFT spectral peaks shows some agreement 
with the NMR spectra. A strong peak at 1026'1 corresponds to carbohydrate-C, 
and a less pronounced peak at 1658'1 represents aromatic-C (Inbar et al., 1989). 
NMR shows corresponding peaks, but with obvious relative differences between 
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Fig. 6. DRIFT spectra of POM. Peaks at wavenumbers 1026 cm 1 and 
1658 cm _1 represent carbohydrate-C and aromatic-C, respectively. 
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grassland and cultivated POM. DRIFT spectra shows no relative difference in 
these peak heights when comparing the grassland POM to the cultivated POM. 
Other studies (Capriel et al., 1992; Inbar et al., 1989) have found the techniques 
of NMR and DRIFT to be complementary. For this study, individual spectral 
peaks compare favorably between the two methods, but the DRIFT 
reactive/recalcitrant ratio assessment of biological lability does not agree with 
biologic lability assessment of the NMR spectra. 
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CHAPTER 5 
CONCLUSIONS 
Cultivation has affected the quality of Hadley soils. The soil quality 
indicators of SOM, the POM, fraction, and aggregate stability all show a 
significant negative impact due to cultivation. For the soils investigated, total soil 
organic carbon showed a decrease of 28% in the cultivated fields as compared 
to the grassland fields. Wet aggregate stability decreased 73%. For the paired 
set of fields (fields 1 and 6), amounts of POM decreased a maximum of 60%, 
while the amount of POM-C as a percent of TOC decreased 57%. 
Spectroscopic analysis by NMR showed that the cultivated POM is more 
decomposed than the grassland POM, with less carbohydrate-C and higher 
amounts of aromatic-C, making it less biologically labile. C/N ratios of the POM 
investigated corroborate this, with a lower value for cultivated POM than the 
grassland POM, indicating that the cultivated POM is more decomposed. NMR 
data also relates directly to the differences in aggregate stability between the 
grassland fields and the cultivated fields. Carbohydrates have been shown to be 
a major factor in the stability of macroaggregates. The loss of carbohydrate-C in 
the cultivated POM corresponds with the decrease in aggregate stability in the 
cultivated fields. 
Results also showed a benefit of using manure as an amendment on 
cultivated fields to increase soil organic carbon levels. Field no. 5 (cultivated) 
had TOC levels similar to grassland fields 1 and 2. However, there was no 
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corresponding increase in aggregate stability for field no. 5, suggesting that other 
factors, such as carbohydrates, and amounts of fungal hyphae and roots, may 
play a more important role than organic matter in the aggregate stability of these 
soils. 
More research is needed to help develop management strategies to aid in 
restoring levels of POM and aggregate stability in fields under long term 
cultivation. Reduced tillage systems and using manure as an amendment have 
both been shown to be effective in increasing SOM levels. Also, studies of the 
effect of short-term crop-pasture rotation, such as those conducted by Studdert 
et al. (1997) and Haynes (2000), shows promise in ameliorating the negative 
impact of cultivation on POM and aggregate stability. 
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